Introduction
Understanding growth and remodeling processes in tendon in health and disease is of great interest because of the role of tendon in transmitting forces produced by muscles during movement. Tendon is also an excellent testbed for studying collagen growth and remodeling processes in soft tissue because it is relatively acellular and avascular. Mature tendon consists largely of type I collagen. Therefore, the mechanical properties of mature tendon can be largely attributed to the parallel collagen fibrils that comprise approximately 75% (Nordin et al. (2001) ) of its dry weight. Growth and remodeling experiments on soft tissue are challenging for many reasons, as the data in Fig. 1 demonstrate (Arruda et al. (2005) ). The normal tibialis anterior (TA) tendon of a rat is functionally graded along its length. In addition to measuring mechanical properties locally (achieved here via local optical strain measurement), assays for collagen content, cross-linking and cell expression must all be applied locally to formulate relationships between the biochemical variables and the mechanical properties. Knowledge of in vivo mechanical loading histories in tendon is very difficult to obtain and under much less control. Yet it is clear that mechanical loading is critical to collagen growth and remodeling, as can be seen for example in Fig. 1 in which a TA tendon that has been unloaded in vivo for a period of time is no longer functionally graded; regions that were relatively compliant under normal loading have undergone significant growth or remodeling to stiffen (Arruda et al. (2005)). The so-called toe region or initially compliant non-linear portion of the normal tendon is truncated as a result of the unloading and the tendon prematurely stiffens with increased tangent stiffness.
To conduct controlled experiments of the effects of mechanical loading on collagen growth and remodeling we have developed in vitro models of soft tissue constructs comprised largely of type I collagen and tendon fibroblasts (tenocytes), and functional bioreactors for the application of cyclic mechanical interventions. The tissue engineering methods are described in Section 2 along with preliminary data demonstrating the growth response of the cells in these constructs subjected to static and cyclic mechanical loading protocols. Continuum level mathematical models of growth in soft tissue are currently a very active area of research (Epstein and Maugin (2000) , Klisch et al. (2001), Taber and Humphrey (2001) , Humphrey and Rajagopal (2002) , Kuhl and Steinmann (2002) , Sengers et al. (2004) ). These models all consider the addition of mass as at least a subset of the phenomenon of growth. Some consider a single species (e.g., collagen) and consider its increasing mass. Others specifically
